Aflatoxin contamination of food and feed have gained global significance due to its deleterious effect on human and animal health and its importance in the international trade. The potential of aflatoxin as a carcinogen, mutagen, teratogen, and immunosuppressive agent is well documented. The problem of aflatoxin contamination of food and feed has led to the enactment of various legislation. However, meaningful strategies for implementation of this legislation is limited by nonavailability of simple, cost-effective method for screening and detection-of aflatoxin under field conditions. Keeping in mind the analytical constraints in developing countries, a simple-to-operate, rapid, reliable, and cost-effective portable aflatoxin detection kit has been developed. The important components of the kit include a hand-held UV lamp (365 nm, 4 W output), a solvent blender (12,000 rpm) for toxin extraction, and adsorbent-coated dip-strips (polyester film) for detecting and quantifying aflatoxin. Analysis of variance indicates that there were no significant differences between various batches of dip-strips (p > 0.05). The minimum detection limit for aflatoxin B1 was 10 ppb per spot. The kit may find wide application as a research tool in public health laboratories, environmental monitoring agencies, and in the poultry industry.
Introduction
Aflatoxins are potent carcinogenic, mutagenic, teratogenic, and immunosuppressive agents produced as secondary metabolites by the fungal species Aspergillus flavus and A. parasiticus (1) . Aflatoxin contamination of food and feed have gained global significance due to its deleterious effect on human and animal health and its importance in international trade (2) (3) (4) . In view of the hazardous nature of aflatoxin, regulatory measures on its content in food ranging from 0.50 ppb have been introduced in various countries all over the world (5) . The government of India has fixed the tolerance limit of 30 ppb for agricultural commodities under the Prevention of Food Adulteration act (6) . However, in India and in many developing countries of the world, meaningful strategies for implementing legislation is limited by nonavailability of simple, rapid, cost-effective, and reliable analytical methods for screening and detecting aflatoxins, which could be easily performed either in the laboratory or under field conditions. Department of Biochemistry, Osmania University, Hyderabad-500 007, India.
Various analytical techniques such as TLC, HPLC, HPTLC, radioimmunoassay, and ELISA have been developed for quantifying aflatoxins in food, feed, and biological fluids (7, 8) . Most of these methods require skilled manpower, sophisticated and expensive equipment, and elaborate laboratory setup for analysis and thus are not suitable for routine monitoring and screening of aflatoxins in agricultural commodities In the recent past, simpler techniques such as minicolumn chromatography and pressure minicolumn techniques have been developed and collaboratively evaluated (7, 9, 10) . However, these minicolumn methods require regular laboratory facilities and a regular supply of prepacked columns, and the main drawback is that different aflatoxins cannot be resolved by this method. This paper describes the development of a portable aflatoxin detection kit (Aflakit) for screening and detecting aflatoxin under field conditions.
Materials and Methods
All reagents and solvents used were of analytical grade. Aflatoxin B1 and B2 standards were procured from Sigma Chemical Company (St. Louis, MO).
The components of the Aflakit are a) a hand-held longwave UV lamp, b) a portable sample grinder, c) a hand-held solvent blender, d) a balance, e) dip-strips, f) a microsyringe and dispenser, g) a separating funnel filtration heating coil and cleanup unit, h) solvents and reagents, and i) a mini-developing chamber. All these components were housed in a fiber-glass container (Fig. 1) .
The hand-held UV lamp was designed and developed as a part of the kit. The UV lamp has 4 W output of longwave (356-370 nm) UV light. The lamp intensity is capable of illuminating 10 ng/spot of aflatoxin B1 on a TLC plate at a distance of 10 cm. The portable sample grinder is suitable for grinding 50 g of sample. The hand-held solvent blender operates at 12,000 rpm and is suitable for rapid extraction of aflatoxin from a powdered sample. The dip-strips are made of polyester film (20 x 20 cm; 200 ,um thick) and are coated with 250-p,m thick silica gel (TLC grade) with soluble starch as binder and activated at 110°C for 1 hr. After activation, strips were cut to 40 mm x 120 mm long and used as dip-strips for aflatoxin analysis.
Method
Agricultural commodities were classified as low-and high-fat samples. For low-fat samples (e.g., maize, sorghum); 100 g of representative sample was ground to a fine powder with the portable grinder. Fifty grams of the homogenized sample was taken into a 500-mL beaker (polypropylene), along with 250 mL methanol:water (55:45 water containing 8% NaCl). The sample was blended with the hand-held blender for 3 min at 12,000 rpm. The sample was later filtered, and 50 mL of the filtrate was taken into separating funnel, along with 100 mL hexane followed by 50 mL ofpetroleum ether to defat the sample. The aqueous phase was separated, and to this 25 mL of reagent 1 (98.5 mL water, 1.5 mL glacial acetic acid, 20% zinc acetate, 0.5% EDTA, and 0.5% cupric carbonate) was added and thoroughly shaken. Aflatoxin was later extracted into 20 mL of chloroform. The chloroform layer collected was passed through a cleanup column containing neutral alumina (500 mg) and anhydrous sodium sulfate (2 g). The chloroform layer was evaporated to dryness, and the extracted toxin was redissolved in benzene:acetonitrile (98:2, 50-250 ,uL). Five microliters of aflatoxin extract was spotted onto a dip-strip and developed in the chloroform:acetone (95:5) solvent system for 12-15 min in a mini-developing chamber. The aflatoxins in the sample were visualized under the hand-held UV lamp.
For high-fat commodities (groundnut, cottonseed, sunflower seed), samples were first defatted. A 50-g sample was blended with 100 mL hexane and 100 mL petroleum ether for 3 min in the presence of a celite-540 filter aid. To the defatted sample, 250 mL of methanol:water (55:45) extraction solvent was added and blended for 3 min at 12,000 rpm. The rest ofthe procedure was similar to that of low-fat sample processing (Fig. 2) . After the detection of aflatoxin on the dip-strip, the toxin was quantitated fluoro-densitometrically on the Bio-Med Laser scanning ID densitometer (7) .
For aflatoxin B1 spiking, aflatoxin-free samples of maize, sorghum (white variety), groundnut, cottonseed, and sunflower seed were spiked with pure aflatoxin B1 at PORTABLE AFLATOXIN DETECTION KIT 30 ppb (30 Kg/kg) and 100 ppb (100 ,ug/kg). These spiked samples were used for recovery studies to assess the extraction method developed.
Results and Discussion
The Aflakit was developed to meet the need of field application. The methods and use of the Aflakit were aimed at rapid screening and detection of total aflatoxins in contaminated samples. Aflakit includes a sample processing unit and a portable hand-held longwave UV lamp for aflatoxin detection. The kit offers a simple, costeffective, and reliable method for monitoring aflatoxin in food and feed. The polyester dip-strips afford easy handling, unlike regular TLC plates. Tables 1 and 2 show the variation and results of the analysis of variance (ANOVA) for the dip-strips used for aflatoxin detection. There was no significant difference between the batches of dip-strips made, and no variation was observed between the strips Table 3 gives the recovery of aflatoxin B1 spiked at 30 ppb and 100 ppb (,ug/kg) in various agricultural commodities. The recoveries ranged from 79 to 89% and from 87 to 96% in samples spiked with aflatoxin B1 at 30 ppb and 100 ppb, respectively. The coefficient of variation at the 30 ppb level of aflatoxin spiking ranged from 1.5% to 7% and for 100 ppb ranged from 1.0 to 4.2%. Various market samples were analyzed and screened for aflatoxins using the Aflakit. Table 4 gives the level of aflatoxin contamination in these samples. Aflatoxin detection by Aflakit is based on the wellestablished physicochemical method of thin-layer chromatography. The major advantage of the Aflakit is its ease of handling and the ability to analyze food and feed samples under field conditions. After screening the samples for aflatoxins on dip-strips, they can be brought back or mailed to the central reference laboratory for quan- 
